Introduction
Biological invasions can interfere with several ecological and evolutionary processes [1] , 48 such as changes in species diversity and structure of communities [2], affecting ecosystem 49 services and causing huge economic losses [3] [4] [5] . Some of the traits that characterize invasive 50 species are high adaptability to changes in the environment, high fecundity and dispersion [6, 51 7], and broad diet range [8] [9] [10] . Another factor contributing to the success of invaders is 52 competitive ability, and more specifically intraguild predation (IGP) [11] [12] [13] [14] . IGP, is defined as 53 the predation on a competitor [15] , and confers adaptive advantages for of the intraguild 54 predator. These include removal of competitors, removal of potential predators, and an 55 alternative nutritive resource when main resources (extraguild prey) are scarce. Therefore, IGP 56 has important consequences for the distribution, abundance, and evolution of species involved 57 (intraguild predator, intraguild prey and shared resource) [16] as well as for applied topics such 58 as conservation management and biological control [17, 18] . 59 The multicolored Asian ladybeetle, Harmonia axyridis Pallas (Col., Coccinellidae), widely 60 recognized as one of the most invasive insects on the world [10, 19, 20] , has been introduced in 61 numerous ecosystems worldwide [19, [21] [22] [23] [24] [25] [26] [27] [28] [29] . As an invasive species, it has caused adverse 62 impacts on the wine industry [30-32] and as a household invader during winter. It is an effective 63 generalist predator of numerous hemipteran pests [33] , with higher fertility and fecundity than 64 competitive ladybeetle species [27, [34] [35] , significant adaptability and resilience [36] , and has a 65 dominant role as an intraguild predator [37] [38] [39] [40] [41] . These attributes suit the multicolored Asian 66 ladybeetle to be a top predator according to several experts [42] . Consequently, it has reduced 4 67 diversity of natural enemies in certain regions, especially ladybeetles, [33] through exploitative 68 competition and intraguild predation [34, 39, [43] [44] . 69 The twelve spotted ladybeetle, Coleomegilla maculata (DeGeer) (Col., Coccinellidae), is one of 70 the sympatric competitors of H. axyridis, in Nearctic apple orchards [45] as well as in other 71 agricultural ecosystems, such as potato [46] [47] by several mechanisms, such as sequestration, excretion and detoxification [58] , and these can 89 determine differences in susceptibilities to pesticides among natural enemies [59] . 90 The aims of this study are 1) to compare the adaptive value of mutual IGP, for the two 91 coccinellids, the invasive and the native species, when the IGP prey faced exposition to an 92 insecticide used in the invaded area; and 2) to investigate if the effect of the exposition on the 93 adaptive value of IGP can disappear over time through neutralisation of the insecticide by the 94 intraguild prey, the least susceptible species (the indigenous) to novaluron. We hypothesize 95 that the adaptive value of IGP, for the indigenous tolerant twelve spotted ladybeetle, will be 96 maintained in the presence of the insecticide, whereas it will be greatly reduced for the 97 susceptible invasive Asian ladybeetle. We also hypothesize that the adaptive value of IGP for 98 the susceptible invasive species will be recovered, after a period, when the native IG prey will 99 have neutralized the insecticide. treated and euthanized after molt to 2 nd instar. 146 Additionally, three treatments were associated to each of the treatments mentioned above; 186 There were no differences in voracity between the insecticide treatment and the control, t (30.99) 187 = 1.469, p = 0.152 for the indigenous ladybeetle. A different trend was found for H. axyridis. 188 Less prey was ingested in the insecticide treatment than in the control t (29.37) = -2.283, p = 189 0.0299 (Table 1) Mortality-survival of intraguild predators 194 After feeding on intraguild prey (first instar invasive ladybeetle) treated with novaluron, 195 mortality of indigenous ladybeetle second instar larvae, was not different than the control, X 2
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= 0.013, p = 0.9086 (Fig 2-a) . Surviving individuals molted normally and completed development 197 until the adult stage. In the case of the invader H. axyridis, all larvae died after IGP in the 198 novaluron treatment, which mortality was significantly higher than the control, X 2 (1) = 15.245, p 199 < 0.0001 (Fig 2-b) . Survival analysis for intraguild predators, preying on intraguild prey treated 200 with the insecticide, reveals a significant difference between survivals of both species over 11 201 time, X 2 (1) = 12.731, p = 0.0004. All H. axyridis larvae died between the first and fifth day 202 following IGP and none of the predators were able to molt before death, whereas 70% of 203 indigenous C. maculata individuals reached the adult stage (Fig 2-d) . in the insecticide treatment, was not different than the control t (21) = 0.622, p = 0.541 (Fig 3-a) . 216 Weight increase was not statistically different between the control and novaluron treatments, 217 t (17.97) = 2.08, p = 0.0521 ( Fig. 3-b ). 
Voracity of the invasive ladybeetle 227
Harmonia axyridis consumed similar proportions of intraguild prey treated with water in the 228 three treatments: X 2 (1) = 5.004, p = 0.082. When comparing voracity of H. axyridis preying upon 229 C. maculata, treated with novaluron, among the three treatments, there were slightly more 230 intraguild preys consumed in the T0 treatment compared to the other treatments. However the 231 T-24h treatment was not different from T-Molt: F (2) = 11.12, p = 0.0002 ( Mortality-survival of the invasive ladybeetle as the intraguild predator 237 Mortality of H. axyridis was not different among the three neutralisation treatments (T0, T-24h 238 and T-Molt), when consuming water-treated extraguild prey, this is green peach aphids: X 2 (2) = 239 0.31, p = 0.851. Similarly, no differences were found among treatments when intraguild 240 predators consumed C. maculata first instar larvae treated with water, X 2 (2) = 0.857, p = 0.652. Water: X 2 (1) = 16.22, p < 0.0001; T-24h-IG-Insecticide vs T-24h-IG-Water: X 2 (1) = 13.55, p = 250 0.0002, Bonferroni α = 0.017 respectively ) (Fig 4-a) . 251 A comparison of survival of the invasive ladybeetle over time among the three neutralisation 252 treatments, after IGP on prey treated with novaluron, showed that 70 % of individuals in the T- 253 Molt treatment became adults, whereas all individuals died in treatments T0 and T-24h before 254 nine days (Fig 4-b) . The Proportional Hazard Model indicated that this difference was Similarly to time of development, no significant differences were detected in weight increase 277 among treatments: X 2 (6) = 11.93, p = 0.064 (Fig 5-b ). However, our results show that an insecticide can drastically alter the outcome of IGP and even, 309 completely cancel out its adaptive value for the intraguild predator. 310 Intraguild prey containing novaluron do not deter the invasive ladybeetle from consuming it 311 and therefore, mortality is devastating for this insect after being exposed to contaminated prey 312 for only 24 h. Which means that, in presence of novaluron, IGP is no longer an advantage for 313 this predator. The adaptive value is completely lost and IGP becomes a highly risky behaviour, 314 which it is not the case for the indigenous C. maculata. Thus, consequences of IGP between 315 both, the indigenous and the invasive ladybeetles are reversed by the insecticide. The same trend is observed for the time of development of the intraguild predator. Therefore, 338 benefits of intraguild predation are recovered over time. 339 Several phenomena may explain predator susceptibility to insecticides, among these, 340 penetration, absorption and neutralisation may be significant. . 373 Accordingly, as mentioned in 4.1., impact of IGP on coccinellid assemblages, as well as on 374 aphidophagous guilds facing pesticides will be determined by the variability of susceptibilities 375 among guild members as well as neutralisation of toxic compounds by intraguild preys. 376 Moreover, insecticides can modify the composition of guilds, altering occurrences of 377 competitors, which changes the dynamics of the guild and the frequency of encounters for IGP. 378 Our results suggest that direct and indirect effects of insecticide treatments in agroecosystems 20 379 are likely to have important impacts on ecosystem services of guilds, particularly on biocontrol 380 by interfering with IGP. 381 The present study highlights the impact of an insecticide on an adaptive behaviour for a top 382 predator, which is one of the key factors associated to the invasive status of the multicolored 383 Asian ladybeetle worldwide. At an ecological level, our findings show that an insecticide might 384 alter not only guild composition but also disturb intraguild interactions and consequently alter 385 cascade effects in trophic systems. 386 
